Zoledronic acid: an unending tale for an antiresorptive agent.
Therapy with zoledronic acid (ZOL) is a standard for patients with malignant bone disease. However, the antitumor effects of ZOL are demonstrated only in the preclinical setting and, therefore, they require pharmacological and molecular optimization. ZOL blocks protein isoprenylation, a pleiotropic and basic biochemical process within the cells regulating the activity of several proteins involved in survival and proliferating pathways. The present review will cover different areas of research from pharmacology to cell biology and molecular biology regarding both direct and indirect anticancer effects of ZOL in humans. The challenge in demonstrating the clinical activity of ZOL is mainly based on its pharmacokinetic properties, which are discussed in detail. New data about the modes to overcome the limitations of ZOL and the following therapeutic strategies to implement its anticancer activity are described: i) development of pharmacological combinations; ii) finding of new molecular targets of ZOL; and iii) development of new pharmacological formulations of ZOL. In conclusion, ZOL has still underestimated anticancer properties that require further investigation in both preclinical and clinical settings.